The effects of the abolition of the diurnal change in melatonin secretion on 
(16 h light:8 h darkness; lights on at 05.00 h). In group 1, both SCGX and intact goats ovulated periodically and basal plasma prolactin levels were maintained throughout the day. In intact controls, exposure to long days suppressed ovulation and increased prolactin secretion for the first 150\p=n-\200 days of exposure. The animals became photorefractory after this time; ovulation recurred and prolactin secretion returned to basal levels. Superior cervical ganglionectomy abolished or weakened the suppression of gonadal function and eliminated the increase in prolactin secretion induced by exposure to long days in the intact controls.
These results suggest that the pattern of melatonin secretion under long days is necessary to induce the photoperiodic response of gonadal function and prolactin secretion to long days and that, under natural conditions, melatonin regulates the seasonal changes in gonadal function and prolactin secretion by mediating the effect of long days.
INTRODUCTION
In the Saanen goat, a short-day breeder, long days suppress gonadal function and increase prolactin secretion. These effects, however, continue only for 150-200 days after exposure to long days; ovulation recurs and the plasma level of prolactin decreases after this time, despite continuous exposure to long days (Mori, Maeda, Sawasaki & Kano, 1984 . The length of gonadal quiescence and of the period during which the prolactin level is high is very similar to that of the anoestrous season under natural conditions (Mori et al. 1985) . The onset of the breeding season might, therefore, be due to the photorefractoriness of the animal to long days.
It has been well established that melatonin secreted from the pineal gland mediates the photoperiodic res¬ ponse of gonadal activity in long-day breeders (Reiter, 1978; Herbert, 1981) . Recently, the involvement of the pineal gland in seasonal reproduction in short-day breeders has also been suggested. Removal or dener¬ vation of the pineal abolished or altered the photo¬ periodic responses of the gonadal axis (Lincoln & Short, 1980; Karsch, Bittman, Foster et al. 1984) , and the administration of melatonin mimics the effects of photoperiod in pinealectomized ewes (Bittman, Progesterone levels were determined in 50 pi aliquots ofthe plasma by a double-antibody radioimmunoassay as described by . The specificity of the rabbit antiserum to progesterone has previously been described by Murakami, Takahashi & Suzuki (1980) . The sensitivity of the assay was 0-64 nmol/1, recovery was 92+1-8% and intra-and interassay coefficients of variation at 15-9 nmol/1 were 9-6 and 11-2% respectively.
Melatonin concentrations were assayed directly in 200 pi plasma by a double-antibody radioimmuno¬ assay (Maeda, Mori, Sawasaki & Kano, 1984) . The specificity of the rabbit antiserum to melatonin has been described previously, and its cross-reactivity with precursors, metabolites and related índoles has been determined to be less than 001%, except for the slight cross-reaction (2-6%) with 6-hydroxymelatonin (Kawashima, Nagakura, Würzburger & Spector, 1984) . There was a satisfactory correlation (y = 105x -1-69; r = 0-999) between melatonin added to plasma collected during the day and that recovered . The limit of detection was 66-8 pmol/1 and intra-and interassay coefficients of variation at 0-54 nmol/1 were 12-9 and 13-6% respectively.
Prolactin concentrations were measured in 20 pi aliquots of the plasma by a double-antibody radio¬ immunoassay (Johke, 1969; Mori et al. 1985) . The concentration of prolactin was expressed as pg NIH-P-S8 reference preparation/1. All assays were carried out in duplicate. The sensitivity of the assay was 3-9 pg/1 and intra-and interassay coefficients of variation at 50 pg/1 were 70 and 12-5% respectively. Assessment 
RESULTS

Plasma melatonin
The intact controls of both groups 1 and 2 showed a marked rise in plasma melatonin concentrations during the dark period ( Fig. 1) , and changes in photoperiod altered the duration of the increase in melatonin con¬ centrations, as reported in a variety of other species (Bittman et al. 1983; Roberts, Martensz, Hastings & Herbert, 1985) . Superior cervical ganglionectomy abolished this rise in goats, as has been reported in rams (Lincoln & Short, 1980 (Fig. 4) (Bünning, 1973) (Fig. 2) .
These individual variations imply the participation of some other factors, together with pineal melatonin, in regulating the gonadal response to long days. Lincoln & Short (1980) Kennaway, Dunstan, Gilmore & Seamark, 1984) . Buttle (1977) reported that SCGX in winter accelerated the subse¬ quent spring rise in prolactin secretion in goats, while Brown & Forbes (1980) The period during which prolactin secretion increased corresponded to that of gonadal quiescence in group 2. The reciprocal relationship between pro¬ lactin and gonadal activity has been reported in goats (Mori et al. 1985) , rams (Almeida & Lincoln, 1984) and ewes (Kennaway, Gilmore & Seamark, 1982a (Klemcke, Bartke & Goldman, 1981) , the inverse to that found in the goat and most other seasonally breeding mammals. Hence it would seem that changes in serum prolactin levels bear a fixed relationship to the photoperiod between species, but that such a rela¬ tionship is not found with reproductive state. These seasonal changes in prolactin, however, may be involved in the mediation of moulting cycles (Duncan & Goldman, 1984; Martinet, Allain & Weiner, 1984) .
The present results also suggest that the diurnal rhythm of melatonin secretion was controlled by the sympathetic nervous system through the superior cervical ganglion, as in other mammalian species (Axelrod, 1974; Reiter, 1978; Lincoln & Short, 1980) . The diurnal change in melatonin secretion was abol¬ ished by SCGX over 223 days; however, the melatonin levels increased throughout the day after 146 days of exposure to long days in both SCGX and intact goats in group 2, but not in group 1. These obser¬ light-darkness cycle was not controlled by the sym¬ pathetic nervous system through the superior cervical ganglion, because similar rises in melatonin were observed in SCGX goats with an intact pineal gland. Since circulating melatonin was not detected after pinealectomy (Karsch et al. 1984) , the pineal gland is believed to be the major source of circulating melatonin in mammals. Therefore the continuous sec¬ retion of melatonin from the pineal gland observed after a long period of exposure to long days could be controlled by either a neural pathway other than the sympathetic nervous system (Stem, 1981) (Kennaway, Gilmore & Seamark, 19826) and inhibits testicular involution in hamsters exposed to short days (Hoffmann), 1974) . Also, morning injections of mela¬ tonin prevent the suppressive action of afternoon injec¬ tions of the gonadal activity in hamsters (Chen et al. 1980 ). These observations imply that a high level of melatonin throughout the light period is necessary to prevent the transmission of photic information to the mechanism regulating reproductive function or prolactin secretion. Therefore, it is possible that the continuous secretion of melatonin occurring 150 days after initiation of exposure to long days, negates the long-day effects on gonadal function and prolactin secretion.
